The effects of laundering and light-exposure on the antimicrobial activities of cotton fabrics (4 samples) finished with metal salts such as copper or zinc against Staphylococcus aureus IFO 3060, Klebsiella pneumoniae IFO 13277 and Trichophyton mentagrophytes IFO 5466 were investigated and compared with those on the activities of commercially available antibacterialdeodorant fabrics. Antimicrobial activities of the test fabrics against these test strains were stronger than those of the commercial fabrics tested, except for test sample no.3, a plain cotton fabric with a Zn2+ absorption dose of 1.07mg/g fabric, against K. pneumoniae.
Even after 30 laundry cycles and 10 days of light-exposure, the antimicrobial activities of the test fabrics finished with metal salts were still stronger than the similarly tested commercial ones, except for sample no. 3 against K. pneumoniae. These results suggest that the test fabrics finished with metal salts (with the exception of sample no.3) could be valuable to the development of the field of antimicrobial fabrics, be used for various practical items such as bathroom mats, towels and socks, and could contribute considerably to the greater hygiene of all textiles in general.
INTRODUCTION
Textiles become dirty after repeated use, and may even become malodorous. This condition is not suitable for textile hygiene and the wearer may experience a decreased sense of comfort due to the lower performance of the textiles. In addition, the wearer might even begin to feel uncomfortable on wearing these textiles (Mizunoue and Iwasaki, 1986a; Okukubo, 1958; Wada, 1962 Wada, , 1963a Wada, and 1963b .
Therefore, it is necessary to wash textiles repeatedly, including antibacterial-deodorant finished fabrics, to maintain fabric performance. However, the antibacterial activity gradually decreases with laundering and light-exposure. In order to show that fabrics can maintain their hygienic condition and fabric performance, laundry durability and light durability tests need to be performed.
There are many reports about the antibacterial activity of antibacterial-deodorant finished fabrics after laundering (Akeson and Cooper, 1967; Danna et al., 1978; Kanno et al., 1970; Kim et al., 1998; Sun, 2000 and Lee et al., 1999; Morris and Welch, 1983; Nakashima et al., 1992; Seong et al., 1999; Sun and Xu, 1998; Yoshida and Inafuku, 1969; *Corresponding author . Tel : +81-796-22-6361, Fax : +81-796-22-6366 . ET AL. Yuge, 1960) , and a few reports about the antifungal activity of the fabrics against Trichophyton mentagrophytes (Kanno et al., 1970; Mizunoue, 1973; Morris and Welch, 1983; Yoshida and Inafuku, 1969; Yuge, 1960) . However, there are few reports about the effect of light-exposure on antibacterial-deodorant finished fabrics (Nakashima et al., 1992; Yoshida and Inafuku, 1973; Yuge, 1960) . Furthermore, there was only one detailed report found on the effect of laundering and light-exposure on the antibacterial and antifungal activities of fabrics (Yuge, 1960) .
In a previous paper we investigated the antibacterial activity of cotton fabrics finished with metal salts against some bacteria (Nakashima et al., 2001 
RESULTS
Relationship between the amount of metal adsorbed into the fabrics and the tensile strength of the metal treated fabrics Table 1 shows the relationship between the amount of metal adsorbed into the fabrics and the tensile strength of the metal treated fabrics. The adsorption dose of Cu2+ and Zn2+ into the fabrics was increased with an increase in the dose of anhydrous succinic acid. The adsorption dose of Cu2+ and Zn2+ per gram of fabric was increased from 9.49 to 25.04 mg/g fabric and from 0.34 to 4.59 mg/g fabric, respectively. On the other hand, the tensile strength of the test fabrics gradually decreased as the dose of anhydrous succinic acid increased.
The profiles of test fabrics finished with metal salts are also shown in Table 1 . Test fabrics with a Cu2+ adsorption dose of 9.49 and 19.44 mg /g fabric were used as sample No. 1 and sample No. 2, and test fabrics with a Zn2+ adsorption dose of 1.07 and 4.59 mg /g fabric were used as sample no. 3 and sample no. 4, respectively.
Change in the amount of metal in the fabric after laundry and light-exposure Figures 1 and 2 show the change in the amount of metal in the fabric after laundry and light-exposure. Both the adsorption dose of metal ion in the treated fabrics and the amount of metal eluted from the test fabrics varied little after 30 laundry cycles and lightexposure for 240 h.
Metal treated
fabric, and commercial anti- bacterial-deodorant fabric durability after exposure to (repeated) laundering Figures 3 and 4 show the antibacterial and antifungal activities of metal treated fabrics and commercial antibacterial-deodorant fabrics after 30 laundry cycles. The antibacterial activity against S. aureus of samples no.1 -4 were reduced slightly after 30 laundry cycles, but the antibacterial activity of antibacterial-deodorant fabrics, except sample no. 5, was significantly lower after 30 laundry cycles. The antibacterial activity of sample no. 3 against K. pneumoniae decreased remarkably. After 30 laundry cycles, the bacterial reduction rate of sample no.3 dropped to about 60%. In comparison, the reduction rates of samples no. 1, 2 and 4 after 30 laundry cycles were 85.5, 95.2 and 84.5%, respectively. On the other hand, the decreases in the antibacterial activities of the commercial antibacterial-deodorant fabrics (samples no.5 -8) were greater than those of samples no.1, 2 and 4 (Fig. 3) .
The antifungal activities of samples no.1 -4 were superior to those of samples no.5 -8. The growth inhibition rates of samples no.1-4 and samples no.5--8 were in the range of 35.3 -67.7% and 14.7 -44.1 %, respectively. Repeated laundry tests showed that the antifungal activities of all 8 test samples decreased gradually, but the amount of decrease in the antifungal activities of samples no.5 -8 was greater than those of samples no.1 -4. After 30 laundry cycles, the growth inhibition rates of samples no.1 -4 and samples no.5 -8 were in the range of 8.8 -29.4 % and 2.9--17.6%, respectively (Fig. 4) (Fig. 6 ).
DISCUSSION
The effects of laundering and light-exposure on the antimicrobial activities of cotton fabrics finished with metal salts such as copper or zinc were investigated and compared with the effects on the activities of commercial antibacterial-deodorant fabrics.
As the anhydrous succinic acid dose was increased, the adsorption of Cu' and Zn' per gram of fabric also increased. Though a slight decrease in the tensile strength of the test fabrics was recognized in our experiment, this phenomenon would have little effect on the preparation of antimicrobial fabrics.
Antimicrobial activities of test fabrics against test strains such as S. aureus, K. pneumoniae and T. mentagrophytes were stronger than those of the commercial antibacterial-deodorant fabrics tested, except for sample no. 3 against K. pneumoniae. After 30 laundry cycles and light-exposure for 240 h, the antimicrobial activities of the fabrics finished with metal salts remained stronger than those of the commercial ones.
The degree to which samples could withstand repeated laundering and prolonged light-exposure was greater for samples which adsorbed high levels of metal ions than for samples of the commercial antibacterial-deodorant fabrics tested. It was observed that increasing the metal adsorption dose provided a certain degree of protection against laundry and light-exposure. Akeson et al. (1967) reported that almost no antibacterial activity was shown by the 14 kinds of commercial antibacterial-deodorant fabrics which were laundered for 5-10 times before testing. On the other hand, the antibacterial activity of commercial antibacterial-deodorant fabrics tested in our experiment were reduced to 69.5-82.1% after 30 laundry cycles. Furthermore, it was observed that the performance of test fabrics finished with metal salts (3 samples) was superior to that of the commercial antibacterial-deodorant fabrics used in our experiment.
Because the test fabrics finished with metal salts indicated antibacterial and antifungal activity against T. mentagrophytes, it might be possible to make socks, bathroom mats, towels and insoles of shoes finished with metal salts to control the transfer of fungi between family members. However, fabrics such as bathroom mats, towels and socks, which are used by many unspecified people in bowling alleys, ski equipment rental shops, hotels etc., are usually washed by strong laundry methods (Akeson and Cooper, 1967) . A significant decrease in the antibacterial activity was observed when strong laundry methods were used. Thus, the test fabrics which we prepared would be more useful than the commercial antibacterialdeodorant fabrics tested in public places because of its strong durability in withstanding laundry and lightexposure.
The results mentioned above would suggest that test fabrics finished with metal salts could be valuable to the development of the field of antibacterial and antifungal fabrics, and could contribute considerably to the greater hygiene of all textiles in general.
